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ABSTRACT
Lacustrine and fluvial deposits in the St. John River valley indicate a complex postglacial history, particularly
for the Siegas Terrace. Ice-dammed lakes developed during deglaciation, but gave way to drift-dammed lakes in
many parts of the drainage basin. The largest of the drift-dammed lakes, Lake Madawaska, persisted until
approximately 10,000 yr B.P. Peat formed between 10,000 and 9,000 yr B.P. on portions of the emerged lake bottom
before being buried by alluvial deposition. Most dated abandoned-channel deposits formed between 10,100 and
7,700 yr B.P., when the St. John River channel actively migrated across the old Lake Madawaska bottom. A second
period of channel instability may have occurred after 3,000 yr B.P. Dates from overbank sand and silt show
deposition continued on the Siegas Terrace through 800 yr B.P. No mappable alluvial surface occurs above the
Siegas Terrace, hence the highest terrace along this reach of the river is late Holocene in age.
The major controls acting on the postglacial evolution of the drainage basin probably were isostasy, climate,
and the nature of cross-valley drift and bedrock obstructions. We speculate that these controls influenced other
drainage basins in the region, but to different degrees and with different effects. It is likely that postglacial events
varied greatly from basin to basin. While there has been little study of other alluvial deposits in northern New
England and adjacent Canada, the complex history of the upper and middle St. John River suggests that systematic,
basin-wide studies of alluvium in other river basins should be quite rewarding.

INTRODUCTION
Floodplains and terraces represent a badly neglected part of
the late Quaternary history of Maine. For a number of reasons,
most surficial geologists working in the state aim their research
in other directions, such as glacial geology or sea-level change.
The lack of work on postglacial all uvial events should not be
attributed to the absence of a significant record, because alluvial
deposits are well developed along many reaches of Maine rivers.
Most of these deposits contain abundant organic material for

radiocarbon dating, but the events they record will be deciphered
only through systematic, basin-wide studies of alluvial stratigraphy and geomorphology.
This paper reports on the first study to concentrate on the
postglacial alluvial events in northern New England and adjacent
Canada. The study was conducted in the St. John River basin,
upstream from Grand Falls, New Brunswick (Fig. 1), where a
complex postglacial history is recorded by a variety of deposits.
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Figure l. Selected locations in the St. John River basin. Profile line refers to position of transect in Figure 3. Figure 4 shows the
location of the basin relative to eastern Canada and northeastern U.S.A.

The purpose of this paper is to arouse interest in studies of
alluvial deposits throughout the region by reporting the postglacial history of the St. John River and discussing some of the most
important controls influencing the evolution of drainage.
Much of the field data used in this study was obtained during
the Maine Geological Survey's surficial geology mapping of
various 15 minute quadrangles in northern Maine. Field and
laboratory methods are discussed at length by Kite (1979, 1983).
In general, field work consisted of automobile, foot, or canoe
traverses, and sampling and description of stratigraphic sections
exposed by stream erosion or man-made excavations. Interpretation of soil-survey maps (Amo, 1964) and vertical aerial
photos aided field mapping. Particle-size analyses were conducted in the Department of Geology and Geophysics, University of Wisconsin at Madison. New radiocarbon dates were
obtained from 36 samples from the field area, supplemented by
seven previously published dates from the basin. Radiocarbon
dating was performed at the Smithsonian Institution Radiation
Biology Laboratory in Rockville, Maryland.
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STRATIGRAPHY AND GEOMORPHOLOGY
The study area lies within the St. John River Lowlands, a
smaU physiographic unit with low mountains and hills, generally
less than 500 m in altitude (Denny, 1982). A varied array of
sediments and landforms occur in these lowlands (Fig. 2). Although ice-contact landforms are common in large valleys, the
widest reaches of these valleys are dominated by a dated sequence of lacustrine deposits, peat, and alluvium. The best
developed postglacial landfonn is the Siegas Terrace, which
occurs between Edmundston and Grand Falls (Fig. 1). The
Siegas Terrace is the highest postglacial fluvial surface in this
reach, occurring 9-12 m above typical summer river levels.
Many exposures of sediments in the Siegas Terrace and
other terraces reveal up to 10 m of gray lacustrine silt that is
virtually unfossiliferous and displays rhythmites 0.2 to 3.0 cm
thick. Some of these lacustrine rhythmites are overlain by till
and predate the last glaciation (Prescott, 1973; Lowell and Kite,
1986a), but a significant thickness of the rhythmites is
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Figure 2. Idealized cross-section through the Siegas Terrace. See Figure I for general location of the terrace. Not to scale.

TABLE I. MAJOR FACIES IN THE SIEGAS TERRACE STRATIGRAPHY.
Facies

Characteristics

Facies Codes
(after Miall, 1982)

River-channel and point-bar gravel

Sandy pebble to cobble gravel; commonly cemented by iron and manganese oxides at contact
with over-lying channel-fill silt; horizontal bedding and imbrication or planar cross beds;
sand beds dominant in some outcrops. ( 1.3 to 5 m thick.)

Gm, Gp, Sp

Channel-fill silt

Gray silt to clayey silt; abundant plant fragments and bivalve shells; poorly developed bedding,
except at base of one late Holocene deposit; mottles and vivianite replacing wood fragments
common. ( l .Oto 4.6 m thick.)

Fcf

Overbank silt

Fining upward sequences of sand and silt; abundant wood fragments and thin organic lenses;
inverse-graded, minor Sr, Ss, Sp, and normally graded bedding; extensive bioturbation;
scour features common near floodplain/terrace s urface. (Up to 7.0 m thick.)

Fl, Fm, SI

demonstrably postglacial. A conformable contact with overlying postglacial peat or alluvium occurs at many exposures near
the valley sides, but several exposures near the valley center
show an erosional unconformity between the lake silts and
overlying alluvium. Nearly all exposures of lacustrine sediments occur upstream from thick cross-valley drift accumulations that probably served as dams for these lakes. Small
sand-and-pebble beach deposits have been used to reconstruct
lake levels in areas without forest cover (Kiewiet de Jonge, 1951;
Kite, 1979), although beaches are not common in the upper St.
John River basin.

The sedimentary character of alluvium along the St. John
River depends upon the type of material from which it was
derived, and upon the alluvial facies in which it was deposited.
Three facies dominate the Siegas Terrace alluvial stratigraphy:
river-channel and point-bar gravel, channel-fill silt, and overbank silt and sand (Table I; Fig. 3). Old gravel deposits in the
Siegas Terrace are somewhat finer grained than adjacent modem
St. John channel alluvium, but tributary channel alluvium appears not to have varied in particle size. The best-exposed
alluvial unit is gray channel-fill silt, analogous to modem-day
abandoned-channel (oxbow) deposits. Channel-fill silt is very
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Figure 3. Stream-profile reconstruction: Grand Falls to the Aigles divide, based on regional isobase reconstructions of Andrews
and Tyler ( 1977). Figure I shows position of the profile line. Although considerable rebound occurred between 12,000 and I0,000
yr B.P., maximum differential rebound along this transect occurred between 10,000 and 8,000 yr B.P. lsobase reconstructions by
Quinlan and Beaumont ( 1982) yield similar stream-profile reconstructions.

similar to lacustrine silt, except that it has abundant plant fragments and bivalve shells, and has less well-developed bedding.
Overbank sand and silt includes abundant wood fragments and
thin organic lenses. Over half of the beds in overbank deposits
show inverse grading, but soil-profile development and bioturbation has obliterated most bedding in the silty upper l m of
Siegas Terrace alluvium. The total thickness of postglacial
alluvium in the Siegas Terrace ranges from 4 to 10 m.

GEOLOGICAL HISTORY
Forty-three radiocarbon dates allow assignment of absolute
ages to postglacial events in the upper St. John River basin. Most
dates were obtained from organic sediments within alluvial
deposits or peat in the S iegas Terrace. Kite ( 1983) and Kite and
Stuckenrath ( 1986) give descriptions of the stratigraphic setting
and the nature of each sample used for radiocarbon dating.
After deglaciation, ca. 12,000 to 11,000 yr B.P., driftdammed lakes developed in many valley reaches previously
occupied by ice-dammed lakes (Kite et al., 1982; Kite, 1983;
Lowell and Kite, 1986a). Radiocarbon dates obtained from
lacustrine sediments in the Siegas Terrace indicate that the
largest of these lakes, Lake Madawaska, lasted from deglaciation
until ca. I 0,000 yr B.P. lf rhythmic laminae in sediments of other
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now-extinct lakes are annual in origin, these lakes persisted for
lengths of time comparable to Lake Madawaska.
Alluvial deposition did not begin in much of the St. John
River valley until after the drift-dammed lakes drained. In at
least two localities, peat beds accumulated on the emerged Lake
Madawaska bottom for 500 to 900 years before alluvial aggradation began. However, numerous channel-fill silt lenses formed
between 10,100 and 7,700 yr B.P. , indicating that active channel
migration coincided with early Holocene alluviation on the
exposed lake bottom.
Middle Holocene alluvium is not as weU dated as earlier and
later deposits. No channel-fill silt lenses have been found that
date between 7,700 and 3,000 yr B.P., suggesting that overban.k
deposition dominated the middle Holocene. In addition, differences of up to 4,500 years between radiocarbon dates from
the same overbank horizon make it difficult to assess the true age
of many overbank deposits and indicate that much of the
floodplain alluvium has been reworked. If dates from apparently
reworked alluvium are ignored, calculated sedimentation rates
were nominally lower during the middle Holocene than during
the early or late Holocene (Kite, 1983).
Three channel-fill lenses date after 3,000 yr B.P., although
late Holocene silt lenses are less common than analogous early
Holocene deposits. The dated organic sediments with the
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highest elevation show that deposition occurred on the Siegas
Terrace after 800 yr B.P. This late Holocene deposition on the
highest alluvial terrace suggests an extremely large flood, at least
3
4 m above the level of the highest historica l flood (6,400 m /s).
Shallow erosional channels on much of the surface of the Siegas
Terrace may have formed in such a flood. If the channel and
flood-plain configuration of the St. John River has not changed
significantly since this flood , discharge may have exceeded
18,000 m 3/s) during this large flood. However, the validity of
this discharge estimate is dubious because the event may have
been the result of ice-jam flooding, in which high water levels
may not correlate directly with high discharge. Moreover, the
ages and elevations of dated abandoned-channel lenses suggest
that an increase in channel-incision rates occurred during the late
Holocene, so flooding of a magnitude similar to modem floods
may have deposited the high- level alluvium prior to accelerated
channel incision during the last 800 years (Kite, 1983).

CONTROLS OF POSTGLACIAL DRAINAGE
EVOLUTION
The major controls acting on the postglacial evolution of the
drainage basin probably were extrinsic factors, such as climate
and glacially-induced isostasy, and intrinsic factors such as the
geometry, structure, and di stribution of cross-valley drift or
bedrock obstructions. The glacial geology of the study area
shows that the upper and middle St. John River basin was last
glaciated by a residual ice cap that developed during disintegration of the Laurentide Ice Sheet (Hughes et al., 1985; Thompson
and Borns, 1985; Lowell and Kite, l 986b). Most radiocarbon
dates obtained from the oldest organic sediment in lake bottoms
within or near the St. John River basin are between 10,900 and
11 ,700 yr B.P. (Davis and Jacobson, 1985), but the time lag
between actual deglaciation and the onset of organic accumulation in these lakes may be substantial (Davis and Davis, 1980).
These basal lake-sediment dates are consistent with the glacial
chronology established in coastal Maine and the St. Lawrence
Lowlands, so we assume that the lake-bottom dates are close
approximations of the onset of ice-free conditions. It appears
that glacial ice persisted until ca. 10,000 yr B.P. at high elevations
within 250 km of the St. John River basin (David and Lebuis,
1985), but it is unlikely that the relatively low mountains in the
drainage basin were able to support glaciers after disintegration
of the residual ice cap.
Ass uming deglaciation occurred between 12,000 and
11,000 yr B.P., both isostasy and climate in the St. John River
basin would have been strongly influenced by the persistence of
the Laurentide Jee Sheet in the St. Lawrence VaJJey, only 50 km
to the northwest. Reconstructions of isobases throughout the
region (Andrews and Tyler, 1977; Quinlan and Beaumont, 1982)
suggest the weight of the nearby ice sheet delayed some of the
rebound in the western headwaters of the drainage basin until
after 10,000 yr B.P. Although basin-wide isostatic rebound was
greater immediate ly after deglaciation, differential rebound be-

tween the southeastern and northwestern ends of the drainage
basin altered stream gradients more between l 0,000 and 8,000
yr B.P. (Fig. 3). Streams and valleys trending perpendicular to
isobases would experience the greatest changes in gradients
because of differential rebound at this time. Accordingly, the
competence and capacity for sediment transport in these reaches,
which are well above the marine limit, were influenced by
isostatic rebound long after deglaciarion. Moreover, the delayed
differential rebound probably caused westward shifting of some
drainage divides (Kite, 1983).
The climate of the St. John River basin at 11 ,000 yr B.P. was
significantly different from that of today. The landscape was
dominated by cold tundra (Davis and Jacobson, 1985) associated
with periglacial conditions (Roy and Lowell, 1980; Kite, 1983).
Clearly, the landscape was cold relative to today; however,
because of the lack of direct or indirect field evidence,
reconstructing the former moisture regime is difficult. Modem
analogy shows that high-discharge floods are rare in tundra
environments of eastern North America. If streams in the
modem tundra environment are good analogs, then streams in
the upper St. John basin probably lacked sufficient e nergy to
erode large drift dams until after 11 ,000 yr B.P.
A plausible reconstruction of the Polar Front (dominant
summer storm track) at 11,000 yr B.P. suggests that moist
maritime tropical air masses would seldom extend into the St.
John River basin (Fig. 4). The Polar Front was situated farther
south , constrained by the ice sheet to the west and the cold
meltwater-laden currents of the late Pleistocene Labrador Current to the east. Under this scenario, the early postglacial St. John
River basin was removed from areas of heavy winter snowfalls,
intense mid-latitude cyclones, or tropical cyclones that have
caused all of the major historic floods in the basin. At 11,000 yr
B.P., small tributaries would have been sites of colluviation and
associated periglacial alluviation, but the absence of large floods
left tributary streams unable to transport much of the colluviated
sediment into larger streams.
Many of the variations in the pollen record for New England
and adjacent Canada since 10,000 yr B.P. can be attributed to
diseases and the arrival of immigrating species (Davis, 1976;
Davis et al., 1980), but some climatic variations have been
determined. Davis et al. ( 1980) suggest that the climate of the
White Mountains in New Hampshire between 9,000 and 5,000
yr B.P. was 2°C warmer (mean annual temperature) and 400 mm
drier (mean annual precipitation) than at present. Although the
precipitation estimate seems too low for the St. John basin (400
mm represents a greater than 40% decrease in precipitation), it
is probable that a warm, dry episode occurred in the study area
during the early to middle Holocene. If so, larger streams would
have experienced smaller floods because of less winter snowfall
and fewer mid-latitude cyclones; small tributaries may have
experienced relatively large floods produced by local air-mass
thunderstorms.
A final climatic consideration concerns the rate at which
ice-cored drift obstructions melted in a tundra environment.
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Ice-cored drift may have persisted for centuries (or longer) after
the disappearance of glaciers (Ostrem, 1965). This ice-cored
drift may have clogged major drainageways and retarded the
evolution of the fluvial system.
With or without ice cores, numerous drift accumulations
clogged the St. John River and its major tributaries after
deglaciation. In general, the history and original character of
these drift obstructions is poorly understood. Mapping of eroded
remnants suggest that many of these drift accumulations typically had considerable length and included large boulders that could
armor outlet channels and protect them from incision.
Moreover, although drift accumulations blocked the eventual
paths of many rivers in the region, the initial postglacial drainage
in some of these rivers was temporarily routed through other
channels, commonly floored by bedrock. Accordingly, we
hypothesize that many drift dams persisted for hundreds or
tho usands of years after deglaciation.
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The down-cutting St. John River has encountered many
bedrock obstructions, creating rapids or waterfalls that act as
local base levels. The most important of these knickpoints is the
bedrock sill at Grand Falls, where a drift-floored channel was
abandoned before 9,800 yr B.P., in favor of a bedrock-floored
channel (Kite and Borns, 1980; Kite et al., 1982). Today, the St.
John River cascades 23 mat the fall s and drops another 15 min
the 1.5 km long gorge downstream. Upstream from the falls, the
gradient of the river is less than 0.15 m/km. The configurations
of the channel and the bedrock sill are such that if the falls retreat
a few hundred meters upstream, then the sill would be completely eroded. ln tum, this event would lower local base level by at
least 15 to 20 m and trigger severe erosion of the Siegas Terrace
as far upstream as the next shallow bedrock surface at Edmundston.
It appears that a similar bedrock sill occurred on the Aroostook River, near its confluence with the St. John (Bailey, 1894).
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Thick silt rhythmites, similar to Lake Madawaska sediments,
occur in the Presque Isle area (Prescott, 1972), upstream from a
deeply incised bedrock gorge on the lower Aroostook River.
These silt rhythmites indicate that the now-eroded bedrock
obstruction blocked drainage long enough for substantial lake
sediments to accumulate.

IMPLICATIONS FOR OTHER BASINS
IN THE REGION
The complex history of postglacial drainage evolution in the
middle and upper St. John River basin may not be representative
of events in other upland basins in New England and eastern
Canada, because the relative importance and timing of controlling factors differed. Knowledge of Holocene alluvial events in
these regions is extremely limited, and we can only speculate
about which controls were most important.
Glacial and bedrock geology are two sources of great
variability from one drainage basin to the next. Deglaciated
landscapes are not in equilibrium with fluvial processes, so the
alluvial histories of many streams in the region have been
dominated by adjustments to the fluvial system. One of the most
striking aspects of rivers in the region is that very few truly
alluvial reaches exist. Most stream reaches have not yet reached
grade, nor will they for many future millennia. Many Holocene
adjustments are straightforward, such as erosion of bedrock
knickpoints and drift obstructions or deposition in glacially
scoured lake basins. Other adjustments to the fluvial system are
more complex, such as bed-load transport in channels flowing
over a landscape with great variability in available clast sizes.
Anyone studying Holocene alluvial events in New England and
adjacent Canada must be familiar with the glacial history and the
distribution of glacial deposits in their study area.
In general, climatic controls would have acted simultaneously on adjacent fluvial systems, but the apparent timetransgressive nature of climatic and floral events (Davis and
Jacobson, 1985) suggest that events might be nonsynchronous
over large regions. Moreover, widespread climatic events would
produce varied and complex responses in the diverse glaciated
drainage basins of the region (Patton, 1981 ). Different types of
flood events dominate drainage basi ns with different size and
runoff characteristics, so one should not expect adjacent streams
to have identical Holocene histories. For example, the frequency
of intense local thunderstorms will be much more important to
the evolution of small drainage basins with little runoff storage
capacity than to large basins or basins with substantial runoff
storage in lakes or wetlands.
Isostatic controls acted simultaneously in adjacent fluvial
systems, but certainly they did not always produce identical
responses. Streams oriented parallel to northeast-southwest
trending isobars experienced little direct effect from differential
isostatic rebound. In contrast, gradients on southeast-draining
streams have steepened throughout the Holocene, while those on
northwest-draining streams have decreased. The maximum

changes in gradient were probably no more than 0.4 m/km (Kite,
1983), an insignificant amount on most reaches of small streams,
but a substantial change on many reaches of large rivers like the
St. John.
Isostatic and eustatic sea-level changes have been major
controls of alluvial chronologies in reaches of streams at or
below the marine limit. An upstream influence of sea-level
controls can be documented at many outwash deposits that were
graded to relict deltas or other shoreline features. Caution must
be exercised in extending sea-level controls far inland because
the effects of sea-level fluctuation commonly disappear
upstream from the first major bedrock knickpoint above the
marine limit. Postglacial sea-level changes have been too rapid
and too short-lived for their direct effects to reach the upper
reaches of large basins.
In conclusion, the rich postglacial history of the middle and
upper St. John River basin indicates that fluvial systems in the
region did not assume a modem character immediately after
deglaciation. We do not know whether specific events in the St.
John River were typical of other upland basins in the region, but
we strongly believe that the under-researched landforms and
stratigraphy in other river basins also record complex and significant postglacial histories. Unfortunately, very little of the
postglacial evolution of drainage can be sorted out until surficial
geologists in the region stop treating alluvium as overburden
obscuring the glacial geology. Postglacial alluvium merits much
more attention than it has received to date.
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